Genetically encoded optical sensors of cell activity are powerful tools that can be targeted to specific cell types. This is especially important in neuroscience because individual brain regions can include a multitude of different cell types. Optical imaging allows for simultaneous recording from numerous neurons or brain regions. Optical signals of membrane potential are useful because membrane potential changes are a direct sign of both synaptic and action potentials. Here we describe recent improvements in the in vitro and in vivo signal size and kinetics of genetically encoded voltage indicators (GEVIs) and discuss their relationship to alternative sensors of neural activity.
Optical Measurement of Neural Activity -Realizing Sherrington's Dream
Optical measurements of brain activity are attractive because they allow for simultaneously monitoring of activity from many individual neurons or from many different brain regions (population signals). In 1937, Sherrington [1] imagined points of light signaling the activity of nerve cells and their connections. During sleep only a few remote parts of the brain would twinkle. But at awakening, 'Swiftly the head-mass becomes an enchanted loom where millions of flashing shuttles weave a dissolving pattern.' In the 80 years since this poetic description there have been significant advances toward making optical measurements of neural activity a reality. Here we attempt to explain why genetically encoded voltage indicators (GEVIs) (see Glossary) would be useful toward this end and describe recent progress in developing improved sensors with larger and faster signals. We also compare GEVI signals with those from genetically encoded calcium indicators (GECIs).
GEVIs have been used in vivo for measurement of spike activity from individual cells and for measurement of population signals. With exceptions [2] [3] [4] , most of the individual neuron recordings have been from invertebrates [5] [6] [7] [8] while population signals have been measured from mammalian preparations (e.g., [9] [10] [11] [12] ). Here, we emphasize recordings from mammalian preparations. For earlier reviews of GEVIs, see [13] [14] [15] .
Tuning Optical Reporters of Neural Activity
The membrane potential changes of neuronal cells can vary dramatically from hyperpolarizations during neuronal inhibition to depolarizations from excitatory synaptic activity to the firing of action potentials. These different kinds of membrane potential change can complicate the interpreta- The new GEVIs result in improved signal-to-noise ratios in in vivo measurements in the mammalian brain.
In some instances, GEVI signals are substantially faster and more informative than measurements with genetically encoded calcium indicators (GECIs).
